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Description 

The present invention relates to an epitaxial wafer 
having a gallium nitride (GaN) epitaxial layer deposited 
on a semiconductor substrate and the method for pre- 
paring the epitaxial water, which is used for blue and 
green optoelectronic devices. 

Referring to Figure 1 , a conventional gallium nitride 
blue light emitting device will be explained. Figure 1 
shows a sectional view of a conventional GaN blue light 
emitting device. The GaN blue light emitting device com- 
prises an epitaxial wafer including a sapphire substrate 
1, a GaN buffer layer 2 deposited on the sapphire sub- 
strate 1, and a hexagonal GaN epitaxial layer 3, a first 
cladding layer 4, a luminescence layer 5, a second clad- 
ding layer 6 and a GaN epitaxial layer 7 stacked in the 
named order on the epitaxial wafer. Ohmic electrodes 8 
and 9 are respectively arranged on the GaN epitaxial 
layers 3 and 7. The GaN buffer layer 2 is disposed to 
relax distortion caused by difference in lattice parame- 
ters between the sapphire substrate 1 and GaN epitaxial 
layer 3. 

Since the conventional light emitting device shown 
in Figure 1 uses an insulating sapphire substrate 1 , nec- 
essary two ohmic electrodes 8 and 9 should be formed 
at the same side of the substrate 1 . This requires at least 
two times of patterning process by using photolithogra- 
phy. It is also necessary to etch nitride by reactive ion 
etching, which complicates the manufacturing process 
of the device. In addition, sapphire has high hardness 
which make it difficult to divide the devices into individual 
ones. 

In prior arts, it has been tried to use a conductive 
gallium arsenic (GaAs) substrate instead of the sapphire 
substrate. For example, Okumura et al. grew cubic GaN 
on a (1 00) plane of a GaAs substrate (Journal of Crystal 
Growth, 164(1996), pp. 149-153). However, cubic GaN 
grown on a (100) plane of a GaAs substrate generally 
has poor quality due to large amount of stacking fault, 
as shown in a transmission electron microscopy photo- 
graph of Okumura et al. This is considered to be caused 
by instability of cubic GaN which is of higher degree than 
hexagonal GaN. 

On the other hand, it has been also tried to grow 
more stable hexagonal GaN on a (111 ) plane of a GaAs 
substrate. C. H. HONG et al. reported that hexagonal 
GaN was grown on a (111 ) A-plane and a (1 1 1 ) B-plane 
of GaAs substrate by metalorganic vapor phase epitaxy 
(MOVPE) (Journal of Electronic Materials. Vol. 24, No. 
4, 1995, pp. 213-218). However, the grown hexagonal 
GaN had insufficient properties for use of a blue light 
emitting device. This is due to low growth temperatures 
of 800 °C at the highest of the GaN epitaxial layer of C. 
H. HONG et al., contrary to the GaN layer of the blue 
light emitting device fabricated on a sapphire substrate 
grown by MOVPE at the growth temperature of higher 
than 1 000 °C. C. H. HONG et al. grew the GaN epitaxial 
layer at a low temperature since arsenic having a high 



vapor pressure would escape from GaAs substrate at a 
temperature of around 600 °C. 

As mentioned above, in prior art, when hexagonal 
GaN is epitaxially grown on a GaAs (111) substrate, the 

5 substrate temperature is raised to 850°C or so in order 
to prevent damage of the GaAs substrate caused by 
heating. By this, the hexagonal GaN epitaxial film ob- 
tained by the conventional MOVPE has carrier density 
of as high as 1 x 10 19 cm -3 at non-dope, which is net 

10 suitable for a blue light emitting device. 

Accordingly, it is an object of the present invention 
to provide a GaN epitaxial wafer having sufficient elec- 
tronic properties for a blue light emitting device and 
formed on a GaAs semiconductor substrate and method 

15 for preparing the GaN epitaxial wafer, which have over- 
come the above mentioned defect of the conventional 
one. 

The above and other objects of the present inven- 
tion are achieved in accordance with the present inven- 

20 tion by an epitaxial wafer comprising a (111) substrate 
of a semiconductor having cubic crystal structure, a first 
GaN layer having a thickness of 60 nanometers or more, 
a second GaN layer having a thickness of 0.1 jim or 
more. The first GaN layer preferably has a thickness of 

2S 200 nanometers or less and the second GaN layer has 
a thickness or 5 u.m or less. 

According to the invention, the cubic semiconductor 
(111) substrate is preferably a GaAs (111) substrate. 
The GaAs (111) A-plane substrate has an advantage 

30 that arsenic is less prone to escape and the GaAs (111) 
B-plane substrate has an advantage that its surface can 
easily finished by polishing. 

According to another aspect of the invention, there 
is provided a method for preparing an epitaxial wafer 

35 comprising the steps of: 

supplying a first mixture of material gases compris- 
ing a metalorganic including Ga and hydrogen chlo- 
ride (HCI) and a second mixture of material gases 
40 comprising ammonia (NH 3 ) into a chamber heated 
by a heat source disposed outside of the chamber; 
growing a buffer layer by vapor deposition on a sub- 
strate at a first temperature disposed in the cham- 
ber; 

45 improving crystallinity of the buffer layer by increas- 
ing substrate temperature from the first tempera- 
ture; and 

supplying the first and second mixtures of material 
gases into the chamber in which the substrate is 
50 heated ata second temperature higher than the first 
temperature to grow a GaN layer on the buffer layer. 

According to still another aspect of the invention, 
there is provided a method for preparing an epitaxial wa- 
55 fer comprising the steps of: 

supplying a first mixture of material gases compris- 
ing HCI and a second mixture of material gases 
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comprising NH 3 into a chamber heated by a heat 
source disposed outside of the chamber; 
lorming gallium chloride (GaCI) by reacting metal 
Ga contained in a vessel in the chamber with HCI 
included in the first mixture of material gases; 
growing a buffer layer by vapor deposition on a sub- 
strate at a first temperature disposed in the cham- 
ber; 

improving crystallinity of the buffer layer by increas- 
ing substrate temperature from the first tempera- 
ture; and 

supplying the first and second mixtures of material 
gases into the chamber in which the substrate is 
heated at a second temperature higher than the first 
temperature to grow a GaN layer on the buffer layer. 

The first substrate temperature is preferably 
400-600 °C and the second temperature is preferably 
850-1000 °C. 

It is preferable that the step of improving crystallinity 
of the buffer layer by increasing substrate temperature 
from the first temperature is conducted with supplying 
NH 3 onto the substrate. The GaN layer is preferably 
grown at a growth rate of 4-10 jim/hour. 

The first GaN layer of the epitaxial wafer according 
to the invention is crystallized by heating a GaN amor- 
phous layer formed at a low temperature of 400-600 °C. 
By this, the first GaN layer has a large amount of stack- 
ing faults and high impurity densities, such as chlorine, 
hydrogen, oxygen. This makes the first GaN layer dis- 
tinguishable from an GaN epitaxial layer formed on it 
which will be explained hereinafter. The first GaN layer 
is formed to protect the semiconductor substrate in the 
succeeding film deposition process at a high tempera- 
ture. For this purpose, the first GaN layer should be 
formed at a low temperature of 400-600 °C, at which the 
semiconductor substrate is not damaged, and should 
have a thickness of 60 nanometers or more. According 
to the invention, a GaAs substrate can be used as a sub- 
strate of a GaN epitaxial layer, which is hard to be real- 
ized in prior art. It is preferable to supply NH 3 onto sub- 
strate while the first GaN layer is heated up. This pre- 
vents GaN from evaporating and subliming during the 
heating. 

Since the first GaN layer is grown at a low temper- 
ature, it has a small growth rate. Therefore, it will spoil 
manufacturing efficiency if the first GaN layer is formed 
to have too large thickness. From this point of view, the 
first GaN layer should have a thickness of not more than 
200 nanometers. The effect of protecting the semicon- 
ductor substrate will not so improved, if the first GaN 
layer has a thickness of more than 200 nanometers. 

On the other hand, the epitaxial wafer according to 
the invention comprises a second GaN layer having a 
thickness of 0. 1 u,m or more and formed on the first GaN 
layer. The thickness of the second GaN layer is deter- 
mined by properties of the light emitting device to be 
manufactured. However, a thickness of 0.1 \w\ is too 



small. The second GaN layer is an epitaxial layer and 
preferably has a thickness of not more than 5 um. If the 
second GaN layer has a thickness of 5 u/n, it will be 
cracked owing to stress. The second GaN layer is pref- 

s erably grown at a temperature of 850-1000 P C. 

According to the invention, the second GaN layer is 
preferably grown at a growing rate of 4-10 jam/hour. If 
its growing rate is lower than 4 jam/hour, the semicon- 
ductor substrate may be deteriorated by heat so that the 

10 GaN epitaxial layer may peel. In case of the growing rate 
of higher than 10 jim/hour, the GaN epitaxial layer will 
have poor crystallinity so that the GaN may have insuf- 
ficient electronic properties for a blue light emitting de- 
vice. 

is The above and other objects, features and advan- 
tages of the present invention will be apparent from the 
following description ol preferred embodiments of the 
invention with reference to the accompanying drawings. 

20 Figure 1 shows a sectional view of a conventional 
GaN blue light emitting device, as already ex- 
plained; 

Figure 2 is a sectional view of an embodiment of a 
epitaxial wafer according to the invention; 
25 Figure 3 shows a scanning electron microscopy 
photograph of a section of an embodiment of a epi- 
taxial wafer in accordance with the present inven- 
tion; 

Figure 4 is a graph illustrating a result of the sec- 
30 ondary ion mass spectrometry of an embodiment of 
a epitaxial wafer in accordance with the present in- 
vention; 

Figure 5 is a schematic view of a vapor deposition 
apparatus used for preparing an epitaxial wafer ac- 
35 cording to the invention; and 

Figure 6 is a schematic view of a hydride vapor 
phase epitaxy apparatus used for preparing an epi- 
taxial wafer according to the invention. 

40 Embodiment 1 

Referring to Figure 5, there is shown a schematic 
view of a vapor deposition apparatus used for preparing 
an epitaxial wafer according to the invention. In Figure 

45 5, the apparatus comprises a quartz chamber 54 having 
a first inlet 51, a second inlet 52 and an outlet 53, and 
a electrical resistant heater 55 heating inside of the 
chamber 54 from its outside. A substrate holder 56 is 
disposed in the chamber 54 on which a substrate 57 is 

50 mounted. 

By using the above apparatus, the epitaxial wafer 
according to the invention was prepared as follows: 

At first, a GaAs (111) A-plane substrate 57 was 
mounted on the substrate holder 56. Then, the chamber 

ss 54 was heated by the healer 55 so that the substrate 57 
was heated to a temperature of 450 °C. Trimethylgallium 
(TMG) was introduced under a partial pressure of 6.4 X 
1 0* 4 atm and HCI was introduced under a partial pres- 
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sure of 6.4 X 10" 4 atm from the first inlet 51 and NH 3 
was introduced under a partial pressure of 0. 1 1 atm with 
maintaining the substrate temperature of 450 °C. H 2 gas 
was used for carrier gas. A GaN buffer layer having a 
thickness of 100 nanometers by 30 minutes deposition 
under the condition. 

Then, the substrate temperature was increased to 
900 °C under a partial pressure of NH 3 of 0.11 atm. 
Thereafter, deposition was conducted under a partial 
pressure of TMG of 2.4 x 10 -3 atm, a partial pressure of 
HCI of 2.4 X 10' 3 atm and a partial pressure of NH 3 of 
0.11 atm for 30 minutes. 

By this, a GaN epitaxial layer having a thickness of 
3 ujti and a glassy surface was obtained on the buffer 
layer. The growth rate was 6 u^m/hour. The sectional 
view of the epitaxial wafer was schematically shown in 
Figure 2. The epitaxial wafer had a first GaN layer 12 
having a high impurity density on a GaAs(111) A-sub- 
strate 1 1 and a second GaN layer 1 3 stacked on the first 
GaN layer 12. Peaks of hexagonal GaN were observed 
by X-ray diffraction so that it was ascertained that the 
second GaN layer 13 was formed of hexagonal GaN. 
Electrical properties obtained by Hall measurement 
showed n-typecarrierdensity of 1 x 10 17 cnrr 3 and elec- 
tron mobility of 500 cm 2 /V s . 

Figure 3 shows a transmission electron microscopy 
photograph of the epitaxial wafer obtained by the above 
process according to the invention. In Figure 3, a quarter 
part from the bottom in which there are many horizontal 
lines shows the buffer layer where the horizontal lines 
show stacking faults. As shown in Figure 3, the buffer 
layer has a large amount of stacking faults after the epi- 
taxial layer is completed, which makes the buffer layer 
distinguishable. 

Figure 4 shows a graph illustrating a result of the 
secondary ion mass spectrometry (SIMS) of the above 
epitaxial wafer in accordance with the present invention. 
As shown in Figure 4, density of impurities, such as hy- 
drogen, oxygen, chlorine are higher in the buffer layer 
of the epitaxial wafer according to the invention. Since, 
the buffer layer was grown at a low temperature. The 
impurity densities of chlorine may reach 5 X 10 21 /cm 3 , 
of hydrogen 4 X 10 19 /cm 3 and of oxygen 5 X 10 19 /cm 3 
In the above embodiment, a GaAs (111) A-plane sub- 
strate was used. However, in case of a GaAs (111) B- 
plane substrate, an epitaxial wafer having almost same 
properties was obtained although films were prone to 
be stripped. 

Embodiment 2 

Referring to Figure 6, there is shown a schematic 
view of a hydride vapor phase epitaxy apparatus used 
for preparing an epitaxial wafer according to the inven- 
tion. In Figure 6, the apparatus comprises a quartz 
chamber 54 having a first inlet 51 , a second inlet 52 and 
an outlet 53, and a electrical resistant heater 55 heating 
inside of the chamber 54 from its outside. A quartz boat 



58 containing metal gallium 59 in it is arranged at a top 
of inside of the chamber 54 into which the mixture intro- 
duced from the first inlet 51 is blown. Additionally, a sub- 
strate holder 56 is disposed in the chamber 54 on which 

5 a substrate 57 is mounted. 

By using the above apparatus, the epitaxial wafer 
according to the invention was prepared as follows: 

At first, metal gallium 59 was contained in the quartz 
boat 58, and a GaAs (111) A-plane substrate 57 was 

10 mounted on the substrate holder 56. Then, the chamber 
54 was heated by the heater 55 so that the metal gallium 
was heated to a temperature of 800 ,°C or higher and 
the substrate 57 was heated to a temperature of 500 °C. 
HCI was introduced under a partial pressure of 6.4 X 

15 io -4 atm from the first inlet 51 and NH 3 was introduced 
under a partial pressu re of 0. 11 atm with maintaining the 
gallium temperature of 800 °C and the substrate tem- 
perature of 500 °C. H 2 gas was used for carrier gas. The 
HCI gas was blown into the quartz boat 58 so as to gen- 

20 erate GaCI by reacting with the metal gallium and the 
GaCI was flown to downstream of the chamber 54. Dep- 
osition was conducted under this condition when a GaN 
buffer layer was grown at a thickness of 90 nanometers, 
the HCI gas was shut to stop deposition. 

25 Then, the substrate temperature was increased to 
980 °C under a partial pressure of NH 3 of 0.11 atm. 
Thereafter, deposition was again begun by supplying 
HCI under a partial pressure of 2.4 X 10" 3 atm and a 
partial pressure of NH 3 of 0.11 atm. it is possible to de- 

30 posit GaN epitaxial layer at a substrate temperature of 
around 1030 °C. However, in this case, the GaAs sub- 
strate will react with NH 3 gas so as to be damaged se- 
verely. Therefore, the substrate temperature is prefera- 
bly 1000 a C or lower. 

35 When the GaN epitaxial layer was grown to have a 
thickness of 4 ujti the HCI gas was shut to stop the dep- 
osition. The substrate was cooled while the NH 3 gas 
was flowing. By this a GaN epitaxial layer having a thick- 
ness of 4 ujti and a glassy surface was obtained on the 

40 buffer layer. According to the SIMS, impurity density of 
carbon was lower than detection critical. Electrical prop- 
erties obtained by Hall measurement showed n-type 
carrier density of 1 x 1 0 1 8 cm" 3 , electron mobility of 250 
cm 2 /V s and X-ray half width was around 5.2 minutes. 

45 

Comparison 1 

Effect of difference of the thickness of the buffer lay- 
er was investigated. A buffer layer having a thickness of 

50 30 nanometers was deposited on a GaAs (111) A-plane 
substrate and a GaN epitaxial layer was deposited on 
the buffer layer. The condition other than the thickness 
of the buffer layer was same as Embodiment 1 . The GaN 
epitaxial layer deposited the buffer layer on the GaAs 

55 substrate was completely stripped. 
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Comparison 2 

i 

Effect of difference of the deposition rate of the GaN 
epitaxial layer was investigated. A GaN epitaxial layer 
was deposited at a deposition rate of 3 jim/hour. A par- 
tial pressure of TMG was 4.8 X 10* 4 atm, a partial pres- 
sure of HCl was 4.8 X 10/ 4 atm and a partial pressure 
of NH 3 was 0.11 atm. The other condition was same as 
Embodiment 1. The GaN epitaxial layer deposited the 
buffer layer on the GaAs substrate was completely 
stripped. 

Comparison 3 

Effect of difference of the substrate temperature at 
which the GaN epitaxial layer was grown was investi- 
gated. A GaN epitaxial layer was deposited at a sub- 
strate temperature of 800 °C. The other condition was 
same as Embodiment 1 . Peaks of hexagonal GaN were 
observed by X-ray diffraction so that it was ascertained 
that the second GaN layer 13 was formed of hexagonal 
GaN. Electrical properties obtained by Hall measure- 
ment showed n-type carrier density of 1 X 10 19 cm" 3 
and electron mobility of 100 cm 2 /V s . 

The invention has thus been shown and described 
with reference to the specific embodiments. However, it 
should be noted that the present invention is in no way 
limited to the details of the illustrated structures but 
changes and modifications may be made within the 
scope of the appended claims. 

The entire disclosure of Japanese Patent Applica- 
tion No. 9-8231 9 filed on March 1 4, 1 997 and Japanese 
Patent Application filed on March 11 , 1 998 under refer- 
ence number of 98IA0028 of which application number 
is unknown including specifications, claims, drawings 
and summaries are incorporated herein by reference in 
their entireties. 



Claims 

1. An epitaxial wafer comprising a (111) substrate of a 
semiconductor having a cubic crystal structure, a 
first GaN layer having a thickness of 60 nm or more, 
and a second GaN layer having a thickness of 0.1 
u,m or more. 

2. An epitaxial wafer as claimed in Claim 1, wherein 
the first GaN layer has a thickness of 200 nm or less. 

3. An epitaxial wafer as claimed in Claim 1 or Claim 2, 
wherein the second GaN layer has a thickness of 5 
ujti or less. 

4. An epitaxial wafer as claimed in any one of Claims 
1 to 3, wherein the (1 1 1 ) substrate of a semiconduc- 
tor having a cubic crystal structure is a GaAs (111) 
substrate. 



25 7. 



5. An epitaxial wafer as claimed in Claim 4, wherein 
the GaAs (111) substrate is a GaAs (111) A-plane 
substrate or a GaAs (111) B-plane substrate. 

5 6. A method for preparing an epitaxial wafer compris- 
ing the steps of: 

supplying a first mixture of material gases com- 
prising a metalorganic including Ga and HCl 

10 and a second mixture of material gases com- 

prising NH 3 into a chamber healed by a heat 
source disposed outside of said chamber; 
growing a buffer layer by vapour deposition on 
a substrate at a first temperature disposed in 

is the chamber; 

improving the crystallinity of the buffer layer by 
increasing the substrate temperature from the 
first temperature; and 

supplying said first and second mixtures of ma- 
20 terial gases into said chamber in which the sub- 

strate is heated at a second temperature higher 
than said first temperature to grow a GaN layer 
on said buffer layer. 

A method for preparing an epitaxial wafer compris- 
ing the steps of: 

supplying a first mixture of material gases com- 
prising HCl and a second mixture of material 
30 gases comprising NH 3 into a chamber heated 

by a heat source disposed outside of said 
chamber; 

forming GaCI by reacting metal Ga contained 
in a vessel in said chamber with HCl included 
35 in said first mixture of material gases; 

growing a buffer layer by vapour deposition on 
a substrate at a first temperature disposed in 
the chamber; 

improving the crystallinity of the buffer layer by 
40 increasing the substrate temperature from the 

first temperature; and 

supplying said first and second mixtures of ma- 
terial gases into said chamber in which the sub- 
strate is heated at a second temperature higher 
45 than said first temperature to grow a GaN layer 

on said buffer layer. 

8. A method as claimed in Claim 6 or 7, wherein said 
first temperature is in the range of from 400 to 

so 600°C. 

9. A method as claimed in any one of Claims 6 to 8, 
wherein said second temperature is in the range of 
from 850 to1000°C. 



55 



10. A method as claimed in any one of Claims 6 to 9, 
wherein said step of improving the crystallinity of the 
buffer layer by increasing the substrate temperature 
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from the first temperature is conducted with supply- 
ing NH 3 onto the substrate. 

. A method as claimed in any one of Claims 6 to 10, 
wherein said GaN layer is grown at a growth rate in $ 
the range of from 4 to 10um/hour 
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